The field of Ocean Robotics Engineering is expanding rapidly and there is demand for low cost, compact and light-weight small-satellites to communicate with remote ocean bound devices. This paper discusses the work carried out with the school's microsatellite group and focusses on the attitude control system which is vital for accurate satellite operation. Establishing a mathematical model for micro-satellite attitude control system contains positioning sensors system, kinematic and dynamic concept of the attitude and statistic processing methods and so on.
INTRODUCTION
With the high speed development and demand for improved aerospace technology, it is efficient to use space satellite-communications for education and commercial profit. However, the large investment required to build and launch full scale satellites is restrictive and it is more efficient to use micro-satellites wherever possible. Considering these costs and the challenges has created a thought within educational institutions to study and research towards micro-satellite design and its space launch as well as its operation. The aim of this research is to design and build a small satellite to support ocean gliders' communication system within oceanic environments which are operated by ground-station control. In this case, there is a requirement to control the small-satellite from the ground station which necessitates data transmission between the satellite, ground station and ocean-glider(s). This paper focuses on the attitude dynamics control of a micro-satellite for near-earth space exploration. There are some special requirements for attitude control due to the scientific mission. This report represents a studyplan on small-satellite-Attitude Determination and Control System (ADCS) unit. The theory is then used in some real time tests. The research is divided in to several small satellite subsystems which are included in the scope of this study.
Finally, the paper studies the software design of attitude determination system and supplies two different actualization methods based on ground based and non-ground based telecontrol.
SATELLITE MECHANICS ANS MODELING

Small satellite attitude dynamics model
The angular velocity of a satellite is known as inertial space around the center of mass. In this process the kinematic equations are signified by its angular attitude equations. This paper discusses the satellite attitude kinematics-only during the rotation, and do not include the causes producing the movement. This section firstly describes the Euler angles used in the satellite kinematic model. In order to avoid the singular problems of Euler angles, the satellite attitude determination and control studies use quaternion method. The satellite model can be simplified as a rigid body model.
Satellite kinematic equations described by Euler angles;
( 1) where ω is the orbital angular velocity.
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The satellite attitude dynamics equation is as follow:
The , represents the small rotation angles.
Satellite Quaternion Kinematic Equations
Motion of the satellite can be abstracted simply as a rigid body motion by the translational and rotational components. Assume orbital coordinate system in spatial reference coordinate system, expressed as o, rotation coordinate system for the satellite body coordinate system is expressed as b, and b system at some moment relative to o system by quaternion vector is expressed as q and I is inertial reference coordinate system, with quaternion satellite kinematic equations is:
Can be written as:
From the above we can know that, the use of quaternion for attitude control has no singularity, the equation is linear, computing friendly including no trigonometric functions.
Therefore, here we normally use mainly quaternion method to describe in satellite attitude
ZERO MOMENTUM WHEEL SATELLITE ATTITUDE CONTROL SYSTEM
Typical Zero Momentum Wheel Mounting Structure
Installation of the flywheel structure must consider factors such as reliability and power consumption, but we also need to consider the flywheel control precision and interference performance. From the viewpoint of the overall optimization of the flywheel mounting structure, one should try using a simple configuration, avoiding system failures caused by overly complex systems. Therefore for the reliability of the flywheel, the best way to consider the mounting structure for the zero momentum wheel attitude control system is as follows:
(1) Three orthogonal reaction wheels mounted along astral spindle, which is the simplest form of reaction wheels, no redundancy.
(2) Three orthogonal reaction wheels mounted along the astral spindle, a reaction wheel spindle with the other three angles of tilt wheel that installed as a backup, the three orthogonal wheels begin to work only when problems arise (case1 for example).
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(4) Four reaction wheels installation are about the pitch axis symmetrical, evenly inclined on the axis of the flywheel.
(5) Four reaction wheels are installed about the pitch axis symmetrical, evenly inclined, projected on the flywheel coordinate plane.
The Design of Proportional-integral-derivative (PID) Controller
Following the analysis, the system can be simplified into a model diagram shown in Figure 3 . In Figure3 , u is the controller output voltage motor control; T is the flywheel torque control of the motor output; H is the momentum of the flywheel torque; ω is the angular velocity of the star; a is the angle information of stars. The controller has two inputs: the satellite quaternion which is relative to the coordinate system fixed posture and the angular velocity relative to the coordinate system; output is the control voltage. The output voltage signal mainly controls motor rotation to drive the reaction flywheel and generate reaction torque on the satellite itself for controlling the attitude angle and angular velocity of the satellite.
The transfer function of the PID controller represented as follows:
In this case PID controller adding the open-loop transfer function is:
Substituting s = jω, the above equation can be written as:
When the ω= ωc the above equation is:
Simulation Analysis
The initial condition is set as follows:
initial velocity: , Expectations quaternion:
PID controller parameter:
.
Simulation results and analysis TIME (s) TIME(s) 
Fuzzy Logic Controller Design and Simulation
Fuzzy Logic control is a nonlinear control method based on artificial intelligence. Fuzzy logic controller design does not rely on the mathematical model of the controlled object. The controlled object model parameters have a strong capability for adaptation, even the same controller can be used for different spacecraft control purposes. This section describes the satellite attitude control which is a typical pure Fuzzy Logic controller design type called Mamdani, and attitude maneuver control. It also demonstrates the simulation and analysis of control system.
Design of Fuzzy Logic Controller
According to the characteristics of satellite attitude control system, the choice of input and output of the Fuzzy controller fades when we take the mode in which the input to take the attitude angle and angular-deviation of the input signals e and ce, to take control of the output torque of u (see Figure 7) . 
CONCLUSION
Comparing the PID controller and Fuzzy Logic controller simulation curves, we can see that the satellite under the guidance of the fuzzy logic controller has a better performance. Overshoot is reduced, steady-state and time simulation of dynamic performance is better than the same parameters of the PID controller simulation; the fuzzy controller simulation steady-state error is small, indicating that the fuzzy logic controller can achieve very high precision. The employing Fuzzy Logic controller can be more robust which could provide more accurate control of the small-satellite. In this case the steady-state time would be almost unchanged, which can provide a high reliability in the field of small-satellite control as part of aerospace engineering technology.
